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A hydraulic drive for displacing an actuator 

1. Field of the Invention 

The invention relates to a hydraulic drive for displacing an actuator between two 
predetermined end positions, comprising a piston unit which can be pressurized in 
a cylinder unit in opposite directions by way of hydraulic springs and a control de- 
vice for alternating pressurization in opposite directions of the piston unit. 

2. Description of the Prior Art 

In order to enable the use of the energy applied via a hydraulic drive for opening a 
valve of an internal combustion engine also for closing the valve it is known (EP 1 
215 369 A2) to use the compressibility of the hydraulic medium for forming two 
hydraulic springs for a pressurization in opposite directions of a piston, so that the 
energy applied via a hydraulic spring onto the piston is stored in the other hydrau- 
lic spring apart from frictional and leakage losses in order to be available for pres- 
surizing the piston in opposite directions. The piston with the valve body to be 
driven thus forms a free oscillator in combination with the two hydraulic springs, 
which oscillator is held back or released in the two reversing positions by a control 
device. For this purpose, a control valve is used in a pressurization line joining the 
hydraulic spring with a pressure accumulator. The control valve is closed in the 
two end positions of the piston in order to move the piston, during the opening, via 
the respectively tensioned hydraulic spring under a tension of the other hydraulic 
spring to the opposite end position where the control valve is closed again for 
holding back the piston. Although actuators can be displaced with a comparatively 
low energy input between two end positions at high speed with the help of this 
known hydraulic drive, since it is merely necessary to compensate frictional and 
leakage losses, the movement of the actuator also depends on the switching 
speed of the control valve. Moreover, a separate control intervention is necessary 
for holding back the piston in the two reversing positions. 
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The invention is thus based on the object of improving a hydraulic drive of the kind 
mentioned above with simple constructional means in such a way that a move- 
ment of the actuator can be ensured which is independent of the actuating speed 
of the control device, and that for holding back the piston unit in the reversing po- 
sitions no separate control intervention is required. 

Summary of the Invention 

This object is achieved by the present invention in such a way that the cylinder 
unit comprises an end section of smaller cross section than the remaining cylinder 
space and receives in a sealing manner the respective face side of the piston unit 
in the associated end position, that the end sections connected with a throttle to a 
return line for the hydraulic medium are delimited by a control edge each relative 
to the remaining cylinder space and that the control device consists of an actuat- 
ing drive for an axial relative movement of the control edge relative to the face 
side of the piston. 

Since as a result of this measure the respective face side of the piston unit en- 
gages in its end position in the end section of the cylinder unit which is offset from 
the remaining cylinder space, the pressurization pressure on the face side of the 
piston engaging in the end section of the cylinder unit is omitted in this end sec- 
tion when the pressure is degraded in this end section accordingly, which is en- 
sured via a return line for the hydraulic medium. This means that the piston unit 
engaging in the end position on the face side into the end section of the cylinder 
space is pressurized merely from the opposite face side and is therefore held in 
this end position although the cylinder space is subjected to a respectively high 
pressure. For triggering the piston unit in opposite directions it is necessary to 
connect the end section of the cylinder unit receiving the face side of the piston 
with the remaining cylinder space. For this purpose, the offset end section of the 
cylinder unit forms a control edge which needs to be axially displaced relative to 
the face side of the piston in order to pressurize the face side of the piston with 
the cylinder pressure. The hydraulic medium pressure which builds up suddenly in 
such a relative displacement of the face side of the piston relative to the control 
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edge in the region of the end section of the cylinder space accelerates the piston 
unit against the opposite end position in which the piston unit is caught via the 
face side engaging in the end section there of the cylinder unit. Although the re- 
turn line for the hydraulic medium which is connected to the end section com- 
prises a throttle, the pressure can degrade accordingly in the end section of the 
cylinder space during the access of the face side of the piston. However, the throt- 
tle prevents a pressure degradation obstructing the acceleration of the piston unit 
during the sudden pressurization of the face side of the piston unit. Moreover, the 
return line for the hydraulic medium which is connected to the end section of the 
cylinder unit can be blocked additionally via a switch-over valve. 

The control device for the hydraulic drive must produce an axial relative displace- 
ment between the face side of the piston and the control edge delimiting the end 
section of the cylinder unit. For this purpose, the control edge of the end sections 
of the cylinder unit can be formed on a sleeve which is held in an axially displace- 
able manner, is joined with the actuating drive of the control device and is dis- 
placed by the actuating drive of the control device. Once the control edge formed 
by the sleeve is moved past the face side of the piston, the pressurization of the 
piston unit occurs. The adjusting speed of the sleeve has no practical influence on 
the acceleration of the piston unit because the pressurization of the piston unit oc- 
curs suddenly with the release of the face side of the piston. 

A further possibility to displace the face side of the piston relative to the control 
edge of the end section of the cylinder unit is to push against the piston unit in 
such a way that the face side of the piston is moved beyond the control edge 
which is fixed to the cylinder. For this purpose, the actuating drive of the control 
device can pressurize the face side of the piston engaging in the end section of 
the cylinder unit, which can be performed hydraulically, mechanically or electro- 
magnetically. 

If at least one face side of the piston unit is provided with a cross section which is 
differently large relative to the remaining piston unit, the pressure in the cylinder 
space can be used for holding in the end position or for releasing from the end 
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position because the then graduated piston unit remains axially pressurized via 
the hydraulic medium even after the engagement of the face side in the end sec- 
tion of the cylinder space, which occurs independently of the pressurization of the 
opposite face side of the piston. 

If the cylinder spaces pressurized with the hydraulic pressure medium form the 
hydraulic springs on both sides of the piston unit without falling back on the exter- 
nal pressure accumulators, then these pressure spaces must be joined with con- 
trollable pressurization lines in order to enable the compensation of frictional and 
leakage losses after each drive stroke. Since this control of the pressurization 
lines depends on the respective position of the piston unit, the pressurization lines 
can be opened and closed by control edges of the piston unit depending on the 
axial piston position, so that separate switch-over valves for this purpose, includ- 
ing the respective triggering, can be omitted. In a similar way it is possible to also 
control the return line for the hydraulic medium in the end sections of the cylinder 
unit with the help of a respective control edge of the piston unit. 

Brief Description of the Drawings 

The subject matter of the invention is shown by way of example in the drawings, 
wherein: 

Fig. 1 shows a hydraulic drive in accordance with the invention for displacing an 

actuator in a simplified block diagram; 
Fig. 2 shows a schematic axial sectional view of a cylinder space associated 

with one side of the piston unit; 
Fig. 3 shows a representation of a constructional variant according to Fig. 1 of a 

hydraulic drive in accordance with the invention. 

Description of the Preferred Embodiments 

According to the block diagram of Fig. 1, the illustrated hydraulic drive comprises 
a cylinder unit 3 which is subdivided into two cylinder blocks 1 and 2 and whose 
piston unit 4 comprises two piston bodies 5 and 6 which cooperate with the cylin- 
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der blocks 1 and 2 and are joined by way of an actuator 7 adjustable between two 
end positions. The cylinder blocks 1 and 2 form end sections 10 which are offset 
from the remaining cylinder space 9 and are provided with a smaller cross section 
than the remaining cylinder space 9 in the region of their mutually averted face 
walls 8. Said end sections 10 are delimited relative to the remaining cylinder 
space 9 by a control edge 1 1 and receive the face side 12 of the respective piston 
bodies 5 and 6 in the respective end position of the piston unit 4. The end sec- 
tions 10 of the cylinder blocks 1 and 2 are each connected via throttles 13 to a re- 
turn line 14 for the hydraulic medium. The pressure spaces 9 of the cylinder 
blocks 1, 2 optionally form a hydraulic accumulator 15 with external additional ac- 
cumulators which is shown as a block. Said hydraulic accumulators 15 represent 
hydraulic springs as a result of the compressibility of the hydraulic medium, by 
means of which the piston bodies 5 and 6 can be pressurized in opposite direc- 
tions. The hydraulic accumulators 15 are connected via switch-over valves 16 to a 
pressure line 17. In addition, the hydraulic accumulators 15 are connected via 
non-return valves 18 with a pressure line 19 which ensures a predetermined 
minimum pressure for the hydraulic accumulator 15. 

In the end position of the piston unit 4 as shown in Fig. 1, the piston body 5 en- 
gages in the end section 10 of the cylinder block 1 in a sealing manner with its 
face side 12, so that the hydraulic medium pressure prevailing in the pressure 
chamber 9 of the cylinder block 1 cannot exert any axial pressure forces on the 
piston unit 4, which is thus kept in this end position by the pressurization pressure 
in the region of the cylinder block 2. In order to pressurize the piston body 5 with 
the hydraulic medium pressure in the cylinder chamber 9 it is necessary to hy- 
draulically join the end section 10 with the remaining cylinder space 9. For this 
purpose, the end section 10 is enclosed by a sleeve 20 which forms the control 
edge 1 1 . This sleeve 20 is held in an axially displaceable way and can be axially 
displaced by means of an actuating drive of a control device relative to the face 
side 12 of the piston body 5 in order to release the face side 12, which upon the 
passage of the control edge 1 1 is suddenly subjected to the pressure of the hy- 
draulic medium in the cylinder space 9 and accelerates the piston unit 4 with the 
actuator 7 against the pressure in the cylinder space 9 of the cylinder block 2. The 
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throttle 13 in the return line 14 suppresses a respective pressure drop in the end 
section 10. With the relief of the hydraulic accumulator 15 of cylinder block 1, the 
hydraulic accumulator 15 of the cylinder block 2 is tensioned via the piston body 6 
entering the cylinder space 9, with the face side 12 of the piston body 6 engaging 
in a sealing manner in the end section 10 of the cylinder block 2 in the region of 
the movement reversal of the free oscillator forming the end position of the piston 
unit 4. The piston unit is held in the new end position by the remaining pressure of 
the partly relieved hydraulic accumulator 15. The connection of the hydraulic ac- 
cumulator 15 with the pressure line 19 via the non-return valves 18 secures a 
minimum holding pressure for the piston unit 4. The connection of the hydraulic 
accumulators 15 with the pressure line 19 via the non-return valves 18 secures a 
minimum holding pressure for the piston unit 4. By opening the associated switch- 
over valve 16, the hydraulic accumulator 15 can be loaded via a pressure line 17 
to a predetermined system pressure for compensating frictional and leakage 
losses for the cylinder block 2 receiving the piston unit 4 in the end position, this 
being in order to make available, in case of a triggering of the cylinder block 2 via 
the sleeve 20, the full system pressure for pressurizing the piston body 6 against 
the pressure of the hydraulic accumulator 15 which is associated with the cylinder 
block 1 and is partly relieved. As has already been described in connection with 
the opposite piston body 6, the piston body 5 cooperating with the cylinder block 1 
is held upon reaching the end position by the piston face side 12 relative to a free 
oscillating movement, which face side engages in the end section 10 of cylinder 
block 1 and is thus withdrawn from the pressurization pressure until it is released 
again by a renewed displacement of the sleeve 20. In the meantime, the hydraulic 
accumulator 15 which is associated with cylinder block 1 and is tensioned again 
by the return of the piston unit 4 can be connected to the pressure line 17 via the 
control valve 16 for covering the frictional and leakage losses, which control valve 
must be closed again via the control device provided for this purpose before the 
triggering of the sleeve 20. 

Fig. 2 shows one of the two cylinder blocks 1, 2 of the cylinder unit 3 in closer de- 
tail, with the pressure chamber 9 forming the hydraulic accumulator which is rele- 
vant for the hydraulic spring. The face wall 8 comprises a coaxial projection 21 on 


-7- 


which the sleeve 20 is held in an axial displaceable way, which sleeve is required 
for controlling the piston body 5, 6. Said projection is also provided with a receiv- 
ing bore 22 for a guide projection 23 which projects beyond the face side 12 of the 
piston body 5, 6 and which comprises a control edge 24 for an annular connecting 
groove 25 of the return line 14. The throttling position arising in the illustrated end 
position of the piston body 5, 6 between the control edge 24 of the guide projec- 
tion 23 and the connecting groove 25 is used as a throttle 13, as is indicated in 
the block diagram according to Fig. 1. As a result of this measure, the return line 
14 is only opened for the engagement of the face side 12 of the piston body 5, 6 
in the end section 10 of the cylinder blocks 1, 2, which thus prevents major leak- 
age losses. 

In a similar manner, the pressurization lines 26 for the pressure chambers 9 of the 
cylinder blocks 1, 2 can be opened and closed by control edges 27 of the piston 
bodies 5, 6 depending on the piston position. In the case of a hydraulic accumula- 
tor which is limited to the pressure chamber 9, said pressurization lines 26 are 
used for connecting the pressure chamber 9 with the pressure line 17, with the 
control edge 27 assuming the task of a switch-over valve. The connection of the 
pressure chamber 9 with the pressure line 19 which is subjected to only a partial 
pressure and comprises a non-return valve 18 does not require any control. 

The sleeve 20 is pressurized by an actuating drive 28 which displaces the sleeve 
20 hydraulically, mechanically or electromagnetically on the coaxial projection 21 
of the cylinder block 1 or 2. Said actuating drive 28 does not need to be provided 
outside of the cylinder unit 3. Such actuating drives can also be built into the cyl- 
inder unit 3. 

The hydraulic drive according to Fig. 3 differs from the one according to Fig. 1 
merely by the triggering of the piston bodies 5, 6. The end section 10 of the cylin- 
der blocks 1, 2 with the control edge 1 1 is not formed by a movable sleeve, but by 
a recess in the face wall 8, so that for the purpose of the axial relative movement 
of the control edge 1 1 relative to the face side 12 of the piston body 5, 6 it is nec- 
essary to displace the same. For this purpose an actuating drive 28 is provided. It 
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is used to pressurize the face side 12 of the piston body which engages in the end 
section 10 in order to push the piston body and to move the face side 12 beyond 
the control edge 11, so that the hydraulic pressure in the cylinder space 9 can be 
used for pressurizing the respective piston body 5, 6. Although this piston pres- 
surization occurs hydraulically in the embodiment according to Fig. 3, the actuat- 
ing drive can also push the respective piston body 5, 6 in a mechanical or elec- 
tromagnetic manner. Apart from that, the hydraulic drive works like the one shown 
in Fig. 1. As a result of the tensioning and relaxation of the hydraulic accumulator 
15 during the reciprocating movement of the piston unit 4, a large part of the en- 
ergy used for displacing the actuating drive 7 in one direction is saved in order to 
be available for the return movement of the piston unit 4, so that merely the occur- 
ring frictional and leakage losses need to be compensated. 

The described measures allow considerably reducing the energy consumption es- 
pecially at high piston accelerations, which occurs at very short actuating times 
because it is only necessary to trigger the piston bodies 5, 6 accordingly and 
automatically lock into the respective end position. Hydraulic drives in accordance 
with the invention are consequently suitable for actuators with short switching 
times, as are required for example for switch-over and safety valves. 

It is understood that the invention is not limited to the illustrated embodiments. 
Cylinder blocks 1, 2 could be combined into a common cylinder in which a single 
piston is held as a piston unit. In this case it is necessary to produce a drive con- 
nection in the form of a piston rod between the actuator and the piston unit. In or- 
der to influence the elasticity of the hydraulic springs, gas bubbles can be incorpo- 
rated in the hydraulic medium or the hydraulic accumulator can be pressurized 
additionally by springs. 


